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Abstract 
Graphite-like carbon nitride (g-C3N4) nanosheets have been facilely assembled via 
electrostatic interaction onto cotton fabrics for achieving multi-functionalities. The surface 
morphologies, chemical composition and optical features of the g-C3N4-coated fabrics were 
characterized. The treated cotton fabrics exhibited remarkable photocatalytic degradation 
activity and superior self-cleaning performance. A complete degradation of Rhodamine B 
(RhB) and removal of stains were accomplished under simulated sunlight irradiation. More 
importantly, the modified fabrics can be reused in catalysis reactions with great durability. 
The practical treatment approach demonstrated from this work has great potential to be 
applied in textile industry for functional fabrics manufacture. 
Keywords: Cotton fabric, photocatalytic degradation, self-cleaning, electrostatic interaction 
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1. Introduction 
Textile fabrics from natural fibers are used in our daily life due to their excellent wearing 
property, comfortability, flexibility, durability and biodegradability. They also have highly 
hierarchical structures and high porosity and absorbency, allowing the facile integration with 
various nanomaterials for the development of value-added functional textiles [1-3]. Recent 
research efforts for modifying textile fabrics using functional nanoparticles include imparting 
antibacterial activity [4], UV protection [5], fire retardancy [6], super hydrophobicity [7], and 
self-cleaning ability [8-10]. Our group has recently achieved functional modification of 
natural fabrics made from wool, silk and cotton using silver/gold nanoparticles. Different 
functions were rendered to fabrics, such as antibacterial [11,12], UV-blocking [13], surface 
enhanced Raman scattering (SERS) sensing [14] properties. 
Synthetic dyes are extensively used for dyeing and printing in a broad range of industries and 
their indiscriminate release into the environment poses potential risks to human health and 
ecological systems. Thus, effective removal of synthetic dyes from wastewater is highly 
important. Semiconductor mediated photodegradation is a promising method. However, 
difficulties in the recovery of nano-photocatalysts after the completion of the degradation 
process limit their applicability in a real water treatment system. This limitation can be 
overcome by immobilizing nano-photocatalysts onto solid supports. Textile fabric as a 
support can increase the usability of nano-photocatalysts, because of its good moisture 
absorption, air permeability, durability and biodegradability. Besides, modification with 
nano-photocatalysts can endow textiles with self-cleaning performance. Tryba et al. 
immobilized TiO2 and Fe-C-TiO2 photocatalysts on the cotton material by pasting method 
[15]. The functionalized cotton material was then inserted inside of a flow photocatalytic 
reactor for phenol decomposition. et al. demonstrated the deposition of anatase TiO2 
nanoparticles onto cationically modified woven cotton fabrics using a layer-by-layer self-
  
4 
 
assembly technique [16]. The treated fabrics exhibited UV protection, self-cleaning 
properties and excellent durability. Afzal et al. prepared a superhydrophobic and 
photocatalytic self-cleaning cotton fabric under visible-light by step-wise deposition of 
anatase TiO2, meso-tetra(4-carboxyphenyl) porphyrin (TCPP) and trimethoxy(octadecyl) 
silane (OTMS) [17]. The as-prepared cotton fabrics showed superhydrophobicity and 
superior photocatalytic activity for degradation of methyl blue (MB) under visible light. A 
similar meso-tetra(4-carboxyphenyl) porphyrin with different metals ions (MTCPP)/TiO2-
coated cotton fabrics was also reported by Afzal et al., which showed significant 
photocatalytic activity in the degradation of methylene blue under visible-light irradiation 
[18]. Zhang et al. constructed an easy-recycled TiO2/potassium alginate-CNTs photocatalysts 
coating on cotton fabric by layer-by-layer self-assembly technique. The nanocoating 
exhibited excellent catalytic performance for formaldehyde and Rhodamine (RhB) under 
simulated sunlight irradiation [19]. Although TiO2 modified fabrics have been developed in 
the past decades, the wide band gap (3.2 eV) of TiO2 limits the utilization of visible light that 
occupies a large part of the solar light. Therefore, developing an active and stable visible 
light-responsive photocatalysis fabric is crucial for successful implementation of 
environmental interests including detoxification of water/air and for production of self-
cleaning materials.  
As an analogue of graphite, a non-toxic metal free inorganic semiconductor, graphite-like 
carbon nitride (g-C3N4), composed of earth-abundant carbon and nitrogen elements, has been 
intensively studied in photocatalysis process [20-22]. With a visible light absorption of 
around 450-460 nm owing to its narrow band gap of 2.7 eV, g-C3N4 shows high 
photocatalytic activity under visible light irradiation as well as unique electronic and optical 
properties. g-C3N4 has been considered as a “sustainable” photocatalyst due to the structural 
stability and its environmental friendly composition. It is significant to fabricate sunlight self-
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cleaning fabrics based on g-C3N4 to develop practical applications of functional textile 
products. 
Many strategies have been adopted to attach nanomaterials to fabrics, including plasma 
treatment [23], sol-gel method [24], electrostatic assembly [16], dry-pad-cure method [25], 
and in situ synthesis [26]. Electrostatic assembly is deemed as a relatively simple method that 
could alternatively deposit oppositely charged targets on charged substrates to build up 
multilayered composite films in a controlled manner. Recently, the electrostatic assembly 
technique has also been widely applied in functional modification of textiles. For instance, 
Dubas et al. [27] deposited poly (diallyldimethylammonium chloride) (PDDA) and silver 
nanoparticles capped poly (methacrylic acid) on nylon and silk fibers to prepare antimicrobial 
textiles. Compared with other methods used to generate nanostructures on fibers, the 
electrostatic assembly technique has the obvious advantages such as the simplicity, high 
efficiency, environment-friendly nature, high durability and mechanical stability of the 
textiles. 
Herein, cotton fabrics have been coated by an assembly approach, in which g-C3N4 
nanosheets are deposited on the cotton fabrics modified with PDDA through electrostatic 
interaction. The self-cleaning properties of the g-C3N4 coated cotton fabrics were investigated 
spectrophotometrically by the photocatalytic degradation of Rhodamine B (RhB) under 
simulated sunlight from a xenon lamp as well as tested to remove wine and coffee stains.  
2. Experimental Section 
2.1 Materials 
Melamine was purchased from Aladdin Reagent Company (Shanghai, China). Rhodamine B 
(RhB) was obtained from Sinopharm Chemical Reagent Co., Ltd. PDDA (20 wt%) was 
purchased from Sigma-Aldrich. Titanium oxide (TiO
2
 anatase, 99.8%) nanopowder was 
purchased from Aladdin Chemistry Co., Ltd. (China). All chemicals were of analytic grade, 
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and used without further purification. Cotton fabrics were purchased from a local retailer. 
The water used throughout all experiments was purified through a Millipore system. 
2.2 Characterization 
The UV-Vis absorption spectra of solutions were obtained with an Ocean Optics USB4000 
spectrometer. The UV-Vis diffuse reflectance spectra were recorded using the BRC642E 
B&W Tek BRC642E CCD spectrometer with an Ocean Optics reflection and backscattering 
fiber probe. The morphologies of g-C3N4 were characterized by a JEM-2010 transmission 
electron microscope (TEM) operated at 200 kV. Scanning electron microscopy (SEM) 
measurements were performed on a Hitachi S-4800 field emission SEM. X-ray diffraction 
(XRD) patterns were recorded using a Bruker D8 Advance X-ray diffractometer with Cu Kα 
radiation (2θ = 10°-90°). X-ray photoelectron spectroscopy (XPS) measurements were 
carried out on a Kratos XSAM800 XPS system with Kα source and a charge neutralizer. 
Fourier transform infrared (FTIR) spectra were measured by using a Thermo Scientific 
Fourier transform infrared spectrometer (Nicolet iS10) with an attenuated total reflection 
(ATR) accessory. Thermogravimetric analysis (TGA) was carried out on a Perkin Elmer's 
Diamond TG/DTA system, at a heating rate of 10 ℃ min-1 in the air. The mechanical property 
was measured using an Instron Model 3366 Materials Testing System. Photodegradation tests 
were carried out with a Xenon lamp for simulated sunlight (λ = 350-780 nm, CEL-
HXUV300, Beijing China Education Au-light, Co., Ltd). Thirteen successive cyclic tests for 
RhB degradation were carried out. 
2.3 Preparation of g-C3N4 colloid 
The g-C3N4 colloid was prepared by direct thermal treatment of melamine, based on a 
previous report with minor modification [28]. Briefly, 5 g of melamine in a crucible was 
heated at 500 °C for 2 h in air at a ramp rate of about 2 °C/min in a furnace. Then melamine 
was heated to 530 °C for another 2h. After cooling to room temperature, the obtained yellow 
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product was ground into fine powders. The g-C3N4 nanosheets colloid was obtained by 
exfoliation of as-prepared bulk g-C3N4 in water [29]. 0.1 g of bulk g-C3N4 powder was 
dispersed in 200 mL of water. Subsequently, the mixture was treated for 12 h by sonication to 
form a homogeneous solution. The g-C3N4 nanosheets solution with good dispersion was 
then stored in darkness at room temperature. 
2.4 Fabrication of g-C3N4 coated cotton fabrics 
Cotton fabrics were washed for 5 min in warm water (50 °C) followed by rinsing with 
deionized water at room temperature. Then the clean white cotton fabrics were dried in air at 
ambient conditions, then cut into small pieces (5 cm × 5 cm), and immersed in PDDA 
aqueous solution (2 wt%) for 2 h. Subsequently, the PDDA-cotton fabrics were rinsed with 
abundant deionized water and then immersed in the g-C3N4 nanosheets solution. The 
solutions containing cotton fabrics were shaken for 2 h at 80 °C in an oscillating water bath. 
The cotton fabrics turned to light yellow from white, due to the assembly of g-C3N4. Then, 
the treated fabrics were rinsed with running deionized water and dried at room temperature, 
which was denoted by g-C3N4-Cot. Pristine cotton fabrics used as control groups were 
designated as Pri-Cot. TiO2 nanoparticles was also assembled on the cotton fabric through 
electrostatic assembly for comparison, which was designated as TiO2-Cot. 
2.5 Photocatalytic degradation of RhB under simulated sunlight irradiation 
For the photocatalytic degradation, the cotton fabrics were immersed in beakers containing 
the RhB aqueous solution (30 ml, 10 mg L
−1
). The beakers surrounded by a water circulation 
facility at the outer wall through a quartz jacket were irradiated under xenon lamp for 80 min 
(to prevent the thermal catalytic effect) while vigorously shaken. The distance between the 
lamp and the center of the beaker was 10 cm. Prior to irradiation, fabrics were kept in dark 
for at least 10 min to attain the adsorption-desorption equilibrium. The change in 
concentration of RhB was monitored by recording the UV-Vis absorption spectra at 
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irradiation time intervals of 10 min during photocatalytic reaction. The degradation efficiency 
was calculated as follows:  
  
  - 
  
                        (1) 
where: C0 is the absorbance of the initial dye solution and C is the absorbance of the RhB 
solution after light irradiation. 
The photocatalytic procedure of the RhB solution can be expressed as the pseudo-first-order 
kinetics equation: 
  
  
 
                          (2) 
where: kapp is the apparent pseudo-first-order rate constant. 
2.6 Stability study 
The stability of g-C3N4 coating on cotton is indeed an essential factor for practical application 
under adverse environmental conditions. The washing durability was evaluated in accordance 
with Australian Standard AS 2001.4.15-2006. The cotton fabrics modified with g-C3N4 were 
washed for 45 min at 50 °C in the presence of ECE reference detergent (4 g/L) by using a 
laboratory dyeing machine. Moreover, the stability of g-C3N4 coating on cotton was also 
tested against strong acid (pH = 2) and base (pH = 12) medium. The modified cotton samples 
were washed in the strong acid (pH = 2) and base (pH = 12) solutions for 45 min at room 
temperature at a constant stirring speed of 200 rpm. All the samples were then rinsed with 
deionized water and dried at room temperature. The stability of the catalytic fabric were then 
investigated by recycling the photocatalysts in the RhB degradation experiments. 
2.7 Photocatalyzed self-cleaning studies 
For the red wine and coffee stains removal experiments, cotton pieces (5 cm × 5 cm) coated 
with g-C3N4 and pristine cotton were stained with red wine (20 ml) and coffee (20 ml, 2.1 g 
of coffee/180 ml of hot water). After air-drying, the samples were irradiated by simulated 
sunlight using a xenon arc lamp. 
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3. Results and Discussion  
The assembly process of g-C3N4 was realized through electrostatic interaction, which is 
illustrated in Scheme 1. Cotton was demonstrated to carry negative surface charges due to the 
presence of abundant of carboxyl and hydroxyl groups [30]. PDDA, as a strong cationic 
polyelectrolyte, carries plenty of positive charges. Therefore, the cotton fibers with negative 
charges can be coated by PDDA with positive charges by electrostatic force. The Zeta 
potential of bulk g-C3N4 in aqueous solution was measured to be -16 mV, which is consistent 
with the previous report [31]. Therefore, the g-C3N4 nanosheets with negative charges can be 
assembled with cotton fibers treated with PDDA through the electrostatic interaction 
(Scheme 1).  
 
Scheme 1. Illustration of the process of g-C3N4 assembly onto cotton fabrics. 
TEM measurements were performed to characterize the morphology and structure of g-C3N4 
nanosheets. Figure 1a indicates the layered, stacked texture and the smooth surface 
morphology of the as-synthesized g-C3N4. There is also a more distinct layered structure with 
respect to the TEM image shown in Figure 1b after ultrasonication. Such layers are multi-
layered sheets of g-C3N4. SEM was also employed to observe the surface morphologies of the 
g-C3N4-Cot. Figure 1c and d show the SEM images of the original cotton fabrics. Grooves 
and fibrils could be clearly found on the surface of the sample. After assembly of g-C3N4, a 
number of nanoparticles were seen over the surface of fibers (Figure 1e and f), revealing that 
g-C3N4 were assembled onto cotton.  
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Figure 1. TEM images of g-C3N4 nanosheets (a, b); SEM images of Pri-Cot (c and d) and g-
C3N4-Cot (e and f). 
XRD was used to investigate the crystallinity of samples. As shown in Figure 2a, the 
diffraction pattern of g-C3N4 is in good agreement with Cheng’s recent work on g-C3N4 
prepared by polymerization of melamine [28]. The peak at a 2θ value of 27.3° is indexed to 
the (002) crystal plane of the stacking of the conjugated aromatic system with an interplanar 
distance of 0.326 nm. The peak at 12.9° is attributed to the (100) crystal plane of in-planar 
ordering of tri-s-triazine units with a distance of 0.684 nm. In the XRD pattern of Pri-Cot, the 
characteristic peaks of cellulose I at 15.0°, 16.7° and 22.9° were found [32]. Although the 
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XRD peaks of cotton were clearly seen from the pattern of g-C3N4-Cot, no characteristic 
diffraction peaks of g-C3N4 were observed. It is speculated that the g-C3N4 nanosheets were 
partially exfoliated and assembled on both sides of cotton fabrics, which can effectively 
prevent the stacking of g-C3N4 nanosheets. This is why the g-C3N4-Cot shows no obvious 
diffraction pattern from g-C3N4 [33]. Moreover, the characteristic XRD peaks of cotton did 
not change visibly after assembly of g-C3N4 nanoparticles, demonstrating that the crystal 
structures of cotton remained unchanged. 
Furthermore, FTIR spectroscopic data of the as-prepared samples were obtained and shown 
in Figure 2b. The FTIR spectrum of the pure g-C3N4 nanosheets presents three characteristic 
absorption bands at >3000, 1200-1650 and 809 cm
-1
, which are ascribed to the stretching 
mode of the N-H bond, the stretching modes of heterocycles and the breathing mode of s-
triazine, respectively [34]. In the case of Pri-Cot, a broad band occurred at 3200-3500 cm
-1
, 
which is assigned to O−H stretching. Two peaks at 2919 and 2852 cm
-1
 are attributed to the 
asymmetric and the symmetric stretching of methylene (-CH
2
-) groups in the long alkyl 
chains, indicating the presence of waxes on the cotton fibers. The bands in the range of 1500-
800 cm
-1
 appeared as a result of C-H, O-H, C-O, and C-O-C vibrations, representing the 
fingerprint of cellulose [30]. All the above characteristic peaks of Pri-Cot appeared in the 
spectrum of g-C3N4-Cot composites, and the characteristic peaks of CN heterocycles (809 
cm
-1
) in g-C3N4 presented as well, which suggests the combination of g-C3N4 and cotton in 
the g-C3N4-Cot.  
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Figure 2 (a) XRD patterns of g-C3N4, Pri-Cot and g-C3N4-Cot composites, and (b) FTIR 
spectra of g-C3N4, Pri-Cot and g-C3N4-Cot.  
X-ray photoelectron spectroscopy (XPS) is an important technique for the characterization of 
composites, which can provide information about elemental composition and their chemical 
state. As shown in Figure 3a, only C and O element peaks are observed in the XPS spectrum 
of Pri-Cot, while the spectrum of g-C3N4-Cot shows another element N in addition to C and 
O. As indicated in Figure 3b and c, a signal deconvolution with Gaussian curve fitting points 
out chemically different C species, with their C1s binding energies at about 284.9, 286.4, and 
288.0 eV. The peak centered at 284.9 eV is attributed to sp
2
-hybridized carbons (C-C) of 
graphitic carbon, which is also observed from cotton. The peaks at 286.4 eV was ascribed to 
the existence of C–OH bonds of cellulose, while the peaks at 288.0 eV was assigned to a sp2-
hybridized carbon in a N-containing aromatic ring (N–C=N) in the g-C3N4 lattice [35]. High-
resolution spectra of N1s (Figure 3d and e) can be fitted into two main deconvoluted peaks at 
398.6 and 399.3 eV, respectively. The main N 1s peak at a binding energy of 398.6 eV was 
assigned to sp2-hybridized nitrogen (C=N-C) and the other peak at about 399.3 eV was 
attributed to tertiary nitrogen (N-(C)3). Therefore, the characterization results reveal the 
successful assembly of g-C3N4 onto cotton fabrics. 
(a) (b)
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Figure 3 (a) XPS spectra of the g-C3N4, Pri-Cot and g-C3N4-Cot composites; High resolution 
C1s (b) and N1s (d) spectra; the high resolution C1s spectra (c) and N1s spectra (e) of the g-
C3N4-Cot and the corresponding fitted curves. 
UV-vis diffuse reflectance spectra (UV-vis DRS) were acquired to determine the optical 
properties. As depicted in Figure 4a, for bulk g-C3N4, the absorption wavelength is around 
460 nm. Through the Kubelka-Munk transform [36], the band gap energy was assigned to the 
intrinsic band gap of g-C3N4(≈2.7 eV), which demonstrated a high selectivity to the visible 
spectrum range [37] (as shown in Figure S1). The UV-Vis DRS of Pri-Cot and g-C3N4-Cot 
were also measured (as shown in Figure 4b). The Pri-Cot exhibited a broad absorption band 
(a)
(b) (c)
(d) (e)
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mainly in the UV region, without significant absorption peaks over the 400-700 nm range. 
After g-C3N4 nanosheets were assembled on the cotton fabric, a characteristic absorption 
band of g-C3N4 was found in the UV-Vis absorption spectrum of fabrics, which indicates that 
the UV-Vis absorbance of g-C3N4 dominated the optical properties of the treated fabrics due 
to the surface coating of nanosheets on fibers. 
 
Figure 4. UV-vis diffuse reflectance spectra of (a) bulk g-C3N4 and (b) Pri-Cot and g-C3N4-
Cot. 
In order to verify the nano photocatalyst (g-C3N4 and TiO2) content loading onto the cotton 
fabric, thermal gravimetric analysis (TGA) was employed in studying the thermal property of 
the modified cotton samples (Figure S2). As the temperature increasing, thermal 
decomposition of cotton at different degree occurred. The modified cotton fabrics (g-C3N4-
Cot and TiO2-Cot) had lower mass change rate than pristine cotton. The g-C3N4-Cot and 
TiO2-Cot exhibited higher thermal stability than pristine cotton, which may be attributed to 
the coating of g-C3N4 and TiO2 NPs on cotton fabrics. The TGA curves indicated around 5.8 
wt%, 9.3 wt% and 10.7 wt% inorganic solids left for Pri-Cot, g-C3N4-Cot and TiO2-Cot, 
respectively. Pristine cotton was used as a reference. Therefore, the g-C3N4 loaded on the 
cotton was found to be 3.5 wt% approximately, while TiO2 loaded on the cotton was found to 
be 4.9 wt% approximately. 
(a) (b)
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Owing to the coating of g-C3N4, g-C3N4-Cot exhibits visible-light photocatalytic activity and 
can be used for photodegradation of contaminants in water. In the present study, the 
photocatalytic property of cotton fabrics treated with g-C3N4 was evaluated by monitoring the 
degradation of RhB using UV-Vis absorption spectroscopy. RhB aqueous solutions in the 
presence of Pri-Cot and g-C3N4-Cot were irradiated by a xenon lamp under identical 
conditions. The evolution of UV-Vis absorption spectra of which is shown in Figure 5a and b. 
Before light irradiation, the mixtures were stirred for 10 min in the dark to attain adsorption-
desorption equilibrium between the dye and cotton. According to the Beer-Lambert law, the 
optical absorption intensity is in direct proportion to the dye concentration in a solution. The 
intensities of maximal absorption band at 555 nm was selected to investigate the variation in 
concentration of dye in solution as a function of time. It can be seen the intensity of the 
absorption peak at 555 nm for Pri-Cot decreased slightly during 80 min’s time (Figure 5a and 
c), which is probably attributed to the absorbability of cotton. Whereas, the absorption bands 
for g-C3N4-Cot decreased dramatically with irradiation time (Figure 5b and c). The RhB 
degradation rate from g-C3N4-Cot reached 90.2% after irradiation for 80 min, which is much 
larger than the values achieved by Pri-Cot (22.8%). There is a linear relationship between 
ln(C/C
0
) and time, which indicates that the photodegradation reaction followed the pseudo-
first-order model (Figure 5d). The apparent rate constant (kapp) of the photodegradation 
reactions was estimated to be 0.03334 min
-1
 from the linear slop of ln(C/C
0
) versus time, 
which is compared to the related results in literature regarding functional cotton fabrics [19]. 
The as-prepared TiO
2
-Cot was also used for comparison with g-C3N4-Cot. It was found that 
g-C3N4-Cot showed slightly higher photocatalytic activity towards degradation of RhB than 
TiO
2
-Cot (Figure S3). It is suggested that its own porous-rich structure of cotton fabric could 
promote more complete contact of pollutants with the active surface of g-C3N4, contributing 
to the good catalytic property of g-C3N4-Cot. In addition, the cotton fabrics acted as the 
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loading substrate that facilitate the adsorption of pollutants and endow the recovery 
characteristics. The recyclability and stability of the catalytic fabrics were also investigated 
by reusing the photocatalyst in the RhB degradation experiments. As shown in Figure 5e, the 
catalytic fabrics were recycled for thirteen successive times without the loss of activity. The 
degradation rate was up to 78.2% even in the 13th reaction cycle. These results demonstrated 
the nanocoating assembles on cotton fabrics can realize the recyclability of the photocatalyst, 
which has significant economic and environmental benefit.  
 
(a)
(c)
(b)
(d)
(e)
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Figure 5. Evolution of UV-Vis absorption spectra of RhB solution with (a) Pri-Cot and (b) g-
C3N4-Cot. (c) Plots of Ct/C0 of the RhB degradation versus time in the presence of Pri-Cot 
and g-C3N4-Cot. (d) The kinetic curves for RhB degradation with g-C3N4-Cot. (e) The 13th 
repeated experiment for RhB degradation of g-C3N4-Cot.  
Textile fabrics are subject to frequent washing, therefore the stability of the catalyst coating 
on textile fabrics is an important requirement in view of its practical application. The stability 
of g-C3N4 coating on cotton was tested by subjecting the g-C3N4-Cot to three different media: 
detergent, strong acid and base. When the detergent-washed g-C3N4-Cot was tested for its 
photocatalytic activity under xenon lamp, it showed 86.7% degradation of RhB in 90 min as 
compared to 90.2%of unwashed sample (Figure 6). g-C3N4-Cots washed with strong acid and 
base were also analyzed for photodegradation performance. All the washed samples showed 
excellent degradation (83.0% in acid and 70.8% in base) of RhB in 90 min under light 
irradiation (Figure 6). Although the photodegradation efficiency of g-C3N4-Cot washed in 
strong base medium decreased about 15%, it is believed that the electrostatic force between 
g-C3N4 and PDDA-cotton fabrics is strong enough to survive an extreme laundering 
durability test.  
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Figure 6. Plots of Ct/C0 of the RhB degradation versus time in the presence the washed g-
C3N4-Cot in three different media: detergent, strong acid and base. 
To investigate the influence of g-C3N4 treatment on mechanical properties of cotton fabric, 
the tensile measurement of Pri-Cot and g-C3N4-Cot were performed. Figure 7 shows typical 
tensile stress-strain curves of Pri-Cot and g-C3N4-Cot. Although the maximum strain of 
cotton fabric after coating with g-C3N4 decreased, the maximum stress of g-C3N4-Cot is 
almost the same as that of Pri-Cot. The results suggest that the treatment with g-C3N4 did not 
change significantly the mechanical properties of cotton fabrics, which  enables  practical 
application of g-C3N4-Cot. 
 
Figure 7. Tensile stress-strain curves of Pri-Cot and g-C3N4-Cot. 
The prospect of self-cleaning fabrics has received much attention recently for their obvious 
advantages in industry and daily life. To further investigate the self-cleaning performance of 
g-C3N4-coated cotton under light irradiation, qualitative tests for the removal of red wine and 
coffee stains were performed under stimulated sunlight conditions similar to clothes exposed 
to outdoor environment. The pristine cotton and g-C3N4 coated cotton pieces (5 cm × 5 cm) 
were firstly stained with red wine and coffee, and then they were irradiated in a quartz beaker 
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by simulated sunlight from a xenon lamp. As can be seen from Figure 8a, the red wine stain 
on pristine cotton changed from red to yellow stains after 10 h of light irradiation. 
Nevertheless, the red wine stain on g-C3N4-coated cotton fabrics disappeared completely 
during the same period of light irradiation (Figure 8a), which reveals that the red wine stain 
on g-C3N4 coated cotton fabrics degraded completely. Similarly, a significant discolouration 
of coffee stains was observed for g-C3N4-coated cotton fabrics after 7 h of irradiation (Figure 
8b). The results indicate that the self-cleaning fabrics could be realized through assembly of 
g-C3N4 on fibrous materials, facilitating the development of functional textiles based on 
catalytic nanomaterials. 
 
 
Figure 8. (a) Degradation of white cotton samples stained with red wine after 10 h of light 
irradiation under the xenon lamp. (b) Degradation of white cotton samples stained with coffee 
after 7 h of light irradiation under the xenon lamp. 
 
Conclusions 
In summary, we have successfully coated g-C3N4 nanosheets on woven cotton fabrics by a 
convenient assembly approach, in which g-C3N4 nanosheets were anchored onto the cotton 
fabrics modified with PDDA through electrostatic interaction. The cotton fabrics with porous 
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structure acted as a support and accelerated the adsorption of pollutants. The treated cotton 
fabrics exhibited excellent photocatalytic activity with degradation of RhB around 90.2% 
within 80 min under simulated sunlight irradiation. The treated cotton fabrics possessed great 
durability of photocatalysis and can be reused in catalysis reactions. Besides, g-C3N4 coated 
cotton fabrics enabled a light driven self-cleaning effect for the removal of red wine stains 
under sunlight, rendering their potential applications in multifunctional textiles.  
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Highlights 
 Graphite-like carbon nitride (g-C3N4) nanosheets are assembled onto cotton fabrics  
 Electrostatic interaction plays a vital role in combination of g-C3N4 and cotton 
 Treated fabrics exhibit significant photocatalytic activity for dye degradation 
 The g-C3N4 modified cotton can be reused in catalysis reactions 
 Sunlight driven self-cleaning effect of fabrics is achieved  
 
 
